Our study examines community structure and nymphal biology (life cycles and secondary production) of stoneflies in two adjacent mountain streams with different degree of forest cover in the Prosiečanka River Basin (Chočské Vrchy Mts., West Carpathians). One of the streams has non-forested catchment, converted to meadows and pastures, while the other one has catchment with 60% covered by spruce forest. Differences in forest cover and in thermal regime of the streams were reflected by the difference of stonefly communities at their structural and functional level. Species Nemoura cinerea and Leuctra aurita created stonefly assemblage in non-forested stream, whereas Nemoura cinerea also occurred in naturally forested stream together with species Leuctra armata, Leuctra nigra, Leuctra prima, Siphonoperla neglecta and Arcynopteryx dichroa. All examined species had maximally annual life cycle and in eudominant species Nemoura cinerea one month shift was found in nymphal hatching and adult emergence between streams. Total secondary production of stoneflies in undisturbed stream (126.46 mg DW m -2 y -1 ) was more than two times higher than the production in non-forested stream (47.39 mg DW m -2 y -1 ).
INTRODUCTION
Macroinvertebrates are a key component of freshwater food-webs, participating in matter and energy flow through aquatic ecosystem (Covich et al., 1999; Wallace and Webster, 1996) . The functional role of benthic populations in the trophic dynamics of any aquatic ecosystem reflects on one hand the individual and population attributes (life history, seasonal variation in density, biomass and production), and on the other hand the efficiency of trophic pathways i.e. how efficiently food materials are passed along these pathways (Benke et al., 1992) . The voltinism and the length of nymphal life in aquatic insects are two most critical life history features necessary for the understanding of their functional importance in streams. In particular, these parameters are necessary for secondary production estimates, the development of energy budgets for stream, and for environmental impact assessment (Waters, 1979; Benke, 1984) . Secondary production represents a heterotrophic biomass formation and its measurement allows the evaluation of growth and biomass turnover rates, which can improve understanding of the interspecific interactions inside the community and relationships between benthic community and stream habitat (Benke, 1993; Grubaugh et al., 1997; Huryn and Wallace, 2000; Woodcock and Huryn, 2007) . Structural and functional changes in macroinvertebrate community are linked to the effect of the tree canopy removal on the energy base of a stream (Kedzierski and Smock, 2001) . A conceptual model assumes that the absence of riparian forest significantly increases the quantity of light striking the stream channel and banks, affects the chemistry of water flowing through the riparian zone towards the stream and reduces quantity of allochthonous material in the stream (Sweeney 1993 , Cummins et al., 1989 Rowe and Richardson, 2001) . These factors in turn affect the amount of primary production, the diversity of microhabitats, temperature and discharge regime, and availability of particulate organic matter for primary consumers (Lyford and Gregory, 1975; Towns, 1981; Tait et al., 1994; Cummins et al., 1989; Higler 1993) . Finally, these factors separately and in interaction may influence the functional attributes of individual and population e.g. survivorship, growth, adults size and fecundity, timing of reproduction, abundance, biomass, and, ultimately, the secondary production of each species in the macroinvertebrates community (Sweeney, 1993) . In particular, temperature regime and food resources are two of the most important factors governing life history patterns, especially the individual growth rate, seasonal timing of egg and nymphal development and other life history attributes of aquatic insects (Lillehammer, 1975; Hawkins, 1986; Hauer and Benke, 1987; Brittain and Sartori, 2009 ). On one hand, it is essential to discuss the nutrition together with water temperature. On the other hand, the quality and quantity of food resources are strongly linked to temperature (Van-Community structure, life histories and secondary production of stoneflies in two small mountain streams with different degree of forest cover N o n -c o m m e r c i a l u s e o n l y note and Sweeney, 1980; Newbold et al., 1994) . The individual growth rate of aquatic insects usually directly reflects water temperature changes. The temperature influences the fecundity, egg incubation period, induction and termination of diapause, duration and success of hatching, which all determine the patterns of distribution and the competitive position of species in given habitat (Ward and Stanford, 1982) . Temperature affects the nymphal life span, its duration being inversely proportional to the temperature in most cases (Humpesch, 1984) . Riparian deforestation eliminates shading and can result in a 2-5°C warming of small streams, which is shown to greatly affect important life history characteristics of macroinvertebrates (Sweeney, 1993; Bilby and Ward, 1991) . Knowledge of life histories and emergence periods of aquatic insects (including stoneflies) is fundamental for understanding species biology and behaviour, and also for aquatic conservation purposes (Stazner and Resh, 1993) . For example, this knowledge in a specific habitat can help to improve the use and interpretation of biotic indices (Sheldon, 1999) . Stonefly nymphs are conspicuous component and essential links in the food webs in running water ecosystems (Hynes, 1970; Stewart and Stark, 1993) . Most stonefly species are stenothermic; consequently, variations in thermal regime of watercourses can limit their distribution (Ward, 1985; Quinn and Hickey, 1990) and determine changes in their life history attributes (Brittain, 1983; Brittain et al., 1984; Sweeney and Vannote, 1986; Perry et al., 1987; Lillehammer et al., 1989; Li et al., 2011; Bottová et al., 2013; Krno et al., 2013) . In particular, the distributions and life histories of stoneflies can be strongly affected by riparian deforestation (O'Hop et al., 1984; Quinn et al., 1997; Krno, 2000 . Because the changes in abiotic characteristics of the stream arising from catchment area deforestation can affect the structure and function of benthic communities, the aim of the present study was to determine species composition of stonefly assemblages, life history patterns and secondary production of identified stonefly species in two contrasting streams regarding to the forest coverage of their catchments.
METHODS

Study sites
The research was carried out in two second-order tributaries in the upper stretch of Prosiečanka River Basin (Chočské Vrchy Mts., West Carpathians, Slovakia) ( Fig. 1) . The geological substrate of both catchment areas is formed by flysh. Although the streams are similar morphologically (Tab. 1), they differ in the forest cover of their catchments. While the right tributary, site A (coordinates: N 49°10ʹ58.0ʹʹ, , 920 m asl represented a well-preserved submountain stream with 60% of the catchment covered predominantly by spruce forests. This fact was reflected in the different thermal regime of both streams. The undisturbed site B had generally lower temperature (mean temperature=9.7°C) and higher thermal fluctuations (CV=50%) than the disturbed site A (mean temperature=13.6°C, CV=37%). The average pair-wise temperature difference was 3.9°C.
Data collection and processing
Quantitative samples of the macrozoobenthos were collected monthly, from April to October 2005 using Kubíček's benthic sampler (area 0.1 m 2 , mesh size 0.5 mm). Total sampled area at each site was 0.4 m 2 and each sample reflected the following microhabitat scheme: site A, one sample from macrolithal, mesolithal, microlithal and acal; site B, one sample from macrolithal and acal, two samples from mesolithal. Supplementary semi-quantitative samples were taken monthly from mesolithal (1 min), macrolithal, microlithal and acal (0.5 min each) at both sites, with a kick net (mesh size 0.5 mm). Collected benthic material was preserved in the field in 4% formaldehyde. Adults were captured, and preserved in 70% alcohol, for reconfirming the nymph identification. In the laboratory, stonefly nymphs were separated from detritus and other benthic taxa and identified to the species level using determination keys (Zwick, 2004; Krno, 2013) . Water temperature was measured every sampling date with a portable thermometer. Chemical parameters were measured once in October 25 th , 2007. Water samples were taken to the laboratory where the isotachophoretic determination (Slovak Technical Standard 757430, 1997) was used for detection of NO 3 and SO 4 2anions and spectrophotometric determination (Slovak Technical Standard EN ISO 687) was used for detection of PO 4
3anions. The covering of the catchment by forest was estimated using CORINE land cover database in ARGIS 9.3 (ESRI, 2011). Both, quantitative and semi-quantitative samples were used to study life histories. Size-frequency histograms were plotted to assess the life history patterns of the most abundant species. Per month, total body length of each nymph without cerci was measured to the nearest 0.5 mm with the aid of a micrometer fixed to the binocular microscope. The larvae were sorted into size classes with an interval of 0.5 mm.
Biomass was obtained by using predetermined lengthmass relationships for each species according to Loskutova (2008) , Johnston and Cunjak (1999) , Benke et al. (1999) , Burgherr and Meyer (1997) and expressed as dry mass (mg DW m -2 ). Secondary production was estimated using different methods for abundant and rare species. Annual production of the abundant species was calculated using the size-frequency method (Benke, 1979; Benke and Huryn, 2006) . Annual production of the rare species was estimated by multiplying mean annual biomass by annual P/B ratio calculated from an empirical equation developed for stonefly species (Leuctra nigra, Leuctra prima, Siphonoperla neglecta) by Krno (1997) , Krno and Šporka (2003) . Chi-square test was performed to test statistically significant differences in total density, biomass and secondary production of stonefly assemblages between site A and site B.
RESULTS
Biomass and secondary production
During the sampling period, a total of 7 species of stoneflies belonging to four families (Nemouridae, Leuctridae, Perlodidae and Perlidae) were recorded at both sites (Tab. 2). Stonefly assemblages of forested stream had much higher species richness (6 species) compared with stonefly assemblages of adjacent deforested stream, where stonefly assemblages consisted only of two species. Nemoura cinerea was eudominant species in both communities and its percentage in forested and deforested stream reached about 80%. In forested stream the percentage contribution of N. cinerea to annual community biomass and secondary production equalled to 74.2% and 65.4% (Tab. 3), respectively. In deforested stream, these percentage contributions were very similar, reaching 85.5% (biomass) and 85.8% (secondary production) (Tab. 4). In forested stream compared to deforested stream, significantly higher (approximately 2x higher) values of total density (χ=47.89, P<0.05), total biomass (χ=3.69, P=0.05) and annual secondary production (χ=23.59, P<0.05) of stoneflies were identified.
Life cycle
Life-cycle histograms of stoneflies showed that all identified species had univoltine life histories. Detailed life-history information for the species is given below. Nemoura cinerea showed a univoltine life history with nymphs occurring during all sampling periods (Fig. 2) . At the forested site, adult emergence lasted approximately two months (from early April to May) and the first newly hatched nymphs occurred one month after the end of flying period. At the deforested site compared to the forested site, the emergence of N. cinerea lasted one month longer and newly hatched nymphs were found one month later. Leuctra aurita was present only in the deforested stream and it exhibited a typical univoltine and synchronous life history (Fig. 3) . The newly hatched nymphs were found in early June and emergence period of L. aurita was observed for three months, from early April to June. Size frequency distribution of L. armata indicated univoltine, autumn-summer life history (Fig. 4) . The first hatched nymphs of new generation occurred in October. Flying period of adults started in early June and lasted until early August. L. nigra showed a univoltine life history with hatchling of new generation in late summer and autumn (Fig. 5 ). Emergence of adults was observed for two months (May-June). Very short and typical autumn/spring life history was found in L. prima and Siphonoperla neglecta. L. prima started the cohort life in early September and flying of adults was observed in April and May (Fig. 6 ). The nymphs of new generation of S. neglecta were found at undisturbed site in October and their cohort life lasted until early May, when the last adults were captured (Fig. 7) . Typical annual life cycle was noted for Arcynopteryx dichroa (Fig. 8) . The newly hatched nymphs were found in early June and emergence period of A. dichroa was observed for two months, from May to June.
DISCUSSION
Riparian organic matter provides an important food source for many benthic invertebrates in small streams, and the differences in allochthonous inputs in terms of theirs quantity and quality have potential for producing changes in the structure of stream communities (Anderson and Sedell, 1979; Cummins and Klug, 1979; Molles, 1982; Webster and Benfield, 1986; Gessner et al., 1999) . Removal of riparian vegetation increases solar penetration to the stream channel (Quinn et al., 1997) . Consequently, it alters the thermal regime and increases the quantity of autochthonous food resources (Allan, 1995) . Deforested river basins also receive more inorganic nutrients, especially inorganic N, from terrestrial sources (Johnson et al., 2007) . All these changes influence the trophic structure of benthic communities (Gurtz and Wallace, 1984) . In particular, leaves that decompose at different rates and vary in chemical composition are likely to affect rates of growth and production of benthic invertebrates. Because the riparian zones and the catchment areas of both studied streams had very different degree of forest cover, we were interested in how this fact fitted the prediction of the stoneflies response model of Krno (2000 Krno ( , 2009 . According to this prediction model the percentage of the deforestation at the catchment level increased the proportion of individuals of the genus Nemoura and decreased the proportion of predaceous stonefly species (Krno, 2000) . These statements were also clearly verified in our results, where the predaceous stonefly species were completely absent in non-forested stream and the proportion of nemourids increased up to 90.8%. Several studies have Tab. 3. Population density, biomass and secondary production of stonefly species at undisturbed tributary (site B) of Prosiek stream. shown that structural and functional features of taxocenoses may be predicted by catchment properties (e.g. Hawkins et al., 1982; Richards et al., 1997; . The percentage of forest cover as one of the large-scale catchment characteristic determines species composition and diversity of EPT taxa Briers and Gee, 2004) . Recent results suggest that the community structure of benthic fauna reflects the local land-use disturbances, as well as functional processes at the community level . In our study, observed differences between the disturbed and the undisturbed site were noted at structural level (community composition, species density and biomass), as well as functional level (secondary production, life histories in some species). Approximately 2x higher values of total stonefly abundance, biomass and secondary production were found in undisturbed stream. Bottová et al. (2012) found similar differences in mayfly communities between these streams but values of analyzed mayfly parameters were several times higher. Eisendle and Waringer (1999) found similarly higher values of total mayfly abundance compared to stonefly abundance in small alpine sandstone stream.
The estimated secondary production of both stonefly communities were relatively low compared to the other West Carpathians streams. Krno (2000) determined annual stonefly production in small volcanic stream at 340 mg DW m -2 year -1 . Furthermore, annual stonefly production measured in limestone stream Ľubčianka ranged from 914 mg DW m −2 year -1 to 1318 mg DW m −2 year -1 (Krno, 1997) . Extremely high annual stonefly production (4304 mg DW m −2 year -1 ) was found in karst spring in lower stretch of Prosiečanka River (Bottová et al., 2013) . In sandstone streams compared to others, e.g. limestone or granite streams, the lowest values of production are generally recorded (Krueger and Waters, 1983; Jin and Ward, 2007) . According to Krno et al. (2013) changes in water temperature in mountain streams with the lack of riparian cover were sufficient to alter larval recruitment and growth for several stonefly taxa. Similarly, Sweeney (1993) found, that temperature changes about 3-5°C in Piedmont streams with the lack of riparian cover were responsible for alternation of larval emergence and growth for several mayfly taxa. In our study, the slight shifts in the life histories (e.g., shifts in later larvae hatching and emergence of adults at the undisturbed site for N. cinerea) were probably associated with different regimes of water temperatures. N. cinerea is one of the most tolerant and widespread stonefly species in running water (Brittain, 1991; Malmqvist, 1999) . Plasticity in life cycle and asynchrony in egg development enables this species to inhabit a wide range of freshwater habitats (Brittain and Lillehammer, 1987) . The life cycle of N. cinerea is frequently described as a univoltine with slow individual growth during the winter period (Benedetto, 1973; Pretty et al., 2005) . In Carpathian streams, N. cinerea has univoltine life cycle with an overwintering generation and the flight period from April to August (Krno, 2004) and this corresponds to our results. Compared to P/B ratio value (P/B=4.2) determined by Krno (1998) , we estimated slightly higher values of annual turnover biomass for this species. Two times higher value of annual secondary production in the undisturbed stream in comparison with the disturbed stream is suggesting the species preference for pristine conditions. Production values for this species were similar as Krno (1998) and Pretty et al. (2005) found in an acid streams.
L. aurita belongs to euryoecous and mesothermophilous stonefly species in the Western Carpathian streams (Krno, 2000; Krno and Žiak, 2012) . For this species, Krno (1982 Krno ( , 1997 Krno ( , 2000 determined a univoltine life cycle with fast summer development (CPI=125-170) in mountain streams. In our study, L. aurita exhibited a typical annual univoltine life cycle with flying period from April to early June. Annual production was similarly low as it was found by Krno (1997 Krno ( , 2000 . L. armata inhabits crenal and epirhithral stretch of Central-European streams (Fochetti and Tierno de Figueroa, 2004; Graf et al., 2009) . It is a typical univoltine species with slow life cycle, with nymphs growing almost all the year) (Krno, 1982; Krno and Šporka, 2003) . Flight period extends from the end of spring to the beginning of autumn, but occurs mainly in summer (Illies, 1955; Fochetti and Tierno de Figueroa, 2008; Graf et al., 2009) . Our estimated annual secondary production (13.5 mg DW m −2 ) was ten times lower than it was in karst spring of Prosiečanka River (Bottová et al., 2013) , but very similar as Krno (1997) found in granite section of Carpathian mountain stream (18 mg DW m −2 ).
L. nigra is euryecous species, inhabiting hyporhithral to eucrenal zones of Carpathian streams (Krno, 1982; . For this species, a typical semivoltine life cycle can change to univoltine with increasing water temperature (critical water temperature is about 15°C) (Elliott, 1987) . In L. nigra, the univoltine life cycle was associated with lower larvae survival and egg production (Elliott, 1987) . These statements fully correspond with our results, that the temperature regime of studied stream probably causes univoltine life cycle in L. nigra. L. prima belongs to Central-European stonefly species reaching the south Pyrenees, Macedonia and Northern Italy (Fochetti and Tierno de Figueroa, 2004) . It is eurythermophilous species inhabiting different types of lotic biotopes in a large scale of altitude but it prefers epirhithral and metarhitral zone of streams (Krno, 2007; Graf et al., 2009) . It is generally known, that L. prima has a univoltine life cycle with spring flight period (Illies, 1955; Krno, 1982 Krno, , 1998 Zwick, 1990; Fochetti and Tierno de Figueroa, 2008; Graf et al., 2009) although Bottová et al. (2013) identified unusual bivoltine life cycle for this species in karst spring only few kilometers lower, below our studied sites. In L. prima, we noted a typical life cycle with spring imagines occurrence and summer diapause. The fast winter-spring development, values of secondary production and turnover biomass were very similar as Krno (1998) recorded for this species in mountain section of sandstone Carpathian stream.
Oligostenothermal species Siphonoperla neglecta has montane distribution in the Western Carpathians, where it inhabits mainly springs and small brooks (Krno, 2000) . It is a species with univoltine life cycle Graf et al., 2009) and flight period in spring (Krno, 1982; Krno and Šporka, 2003) coinciding with our findings. The low annual secondary production of S. neglecta (3,7 mg DW m −2 ) estimated by Krno and Šporka (2003) in West Carpathians, fully corresponds with our results.
Very little is known about the life cycle and secondary production of Arcynopteryx dichroa. According to Theissinger et al. (2013) , it is a glacial relict that survived glacial cycles through altitudinal shifts in isolated periglacial populations in the Pyrenees, the central European highlands, the Carpathians, the Balkans and the eastern Alps. This species with arctic-alpine disjunct distribution is generally considered cold-adapted, typically inhabiting springs and spring-fed brooks of high elevations (Graf et al., 1995) . It is a relatively large predator of other benthic organisms (Lillehammer, 1974) . Similar univoltine pattern of life cycle with larval development from early summer to later spring was also found in the northern Urals (Loskutova, 2008) . In Fennoscandia, A. dichroa had semivoltinne two-year life cycle with egg diapause in the first winter and hatching in the following spring (Lillehammer, 1988) . Our estimate of P/B ratio was slightly lower as Loskutova (2008) found for this species in the mountain section of the Shugor River but these values fully correspond to the theoretical values for benthic organisms with one year development (Benke, 1984) .
CONCLUSIONS
Our results reflect the well-known fact that the stream side canopy, especially in small streams, has a substantial effect on the thermal regime of streams. Differences in thermal regimes of streams may also play significant role in N o n -c o m m e r c i a l u s e o n l y producing different taxonomic patterns of macroinvertebrate assemblages. Comparison between forest and meadow stream suggests that the change of thermal regime caused by deforestation, even at a very local scale, can alter the species composition of stonefly assemblages, reduce their species diversity and eliminate the most sensitive stonefly taxa. Differences in the forest cover and in the thermal regime of both studied streams were also reflected in the functional level of stonefly assemblages. At the undisturbed site, the total density, biomass and secondary production of stonefly community were significantly higher than at the disturbed site. In general, total macroinvertebrate abundance and biomass have often been increased in streams where canopy cover has been reduced by forest clearing, in large part due to the increased primary production. Most of stonefly taxa are especially sensitive to higher water temperature therefore, it is not surprising that we did not find similar trend in stonefly. 
